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Abstract 
In this study, it was aimed to determine the effects of plyometric exercises applied on unstable platforms on static and 
dynamic balances of soccer players who continued their high school education. In the study, male soccer players with 
similar socio-economic status between the ages of 14 and 16 formed the study group (SG; n=24; age=15.08±1.36) and 
the control group (CG; n=22; age=15.22±1.62). Static Balance Eyes Open (SB-EO), Static Balance Eyes Closed 
(SB-EC) and Dynamic Balance tests (DB) were applied on the SG and CG as pre- and post-tests for both dominant leg 
(DL) and non-dominant leg (NDL). SG athletes were subjected to plyometric exercises on unstable surfaces for sixteen 
sessions that were integrated into the physical education lessons in high school while CG athletes performed only a 
traditional soccer training program. As a result of the statistical analyses, when the pre-post test scores of the SG were 
examined, dynamic balance-dominant leg (DB-DL; p=0.03), dynamic balance-non-dominant leg (DB-NDL; p=0.03), 
static balance eyes open-dominant leg (SB-EO-DL; p=0 01), static balance eyes closed -dominant leg (SB-EC-DL; 
p=0.03) and static balance eyes closed-non-dominant leg (SB-EC-NDL; p=0.01) measurements were found statistically 
significant (p<0.05) while the CG had statistical improvements only in SB-EO-DL measurements (p=0.03). When the 
differences between the two groups were examined, only SB-EC-DL measurements were found statistically significant 
in favor of the SG (p=0.03). In conclusion, especially the improvement of DL observed in the SG is important for 
optimum performance considering that it is necessary to use both legs effectively in soccer. Considering the multitude 
of activities performed on a single leg in soccer, it is thought that the increase in bilateral balance can improve the skills 
that determine soccer performance in difficult conditions such as dribbling, shooting and passing. 
Keywords: static balance, dynamic balance, soccer, physical education 
1. Introduction 
Soccer is the most popular game in the world, with millions of participants and fans. It is the primary sport of Asia, 
Europe, Africa and South America. It is the most researched team sport because of its popularity and financial interest 
(Atan, 2009). Nowadays, soccer requires a high degree of effort in which the participants experience various actions 
with characteristics such as strength, speed, agility, balance, stability, flexibility and sufficient endurance altogether 
(Bloomfield et al., 2007; Helgerud et al., 2001). In soccer, technique, tactics and physical fitness are the three important 
factors that determine performance. All of these can have roles at different ratios depending on the characteristics of the 
match (Bangsbo, 1996; Özmen, 1999; Reilly et al., 2000). 
Along with technical abilities, soccer is a sport that requires static, half-dynamic and dynamic balance (Dunsky et al., 
2017). Balance is the state in which all the forces operating on the body are balanced in such a manner that the center of 
mass is within the stability limits, which are the margins of the base of support (Sharma and Multani, 2017). Body 
balance can be dynamic or static by containing the center of mass in the base of support which is defined by the feet. In 
static balance, the center of mass is fixed during movement. In this situation, the sense of balance protects the center of 
gravity within the base of support which is defined by the feet. 
On the other hand, with dynamic balance, both the center of mass and base of support are in constant movement and the 
center of gravity never aligns itself to the base of support during the stopping phase of the movement (Melo et al., 2017). 
Dynamic balance has vital importance for many sports and daily life activities, and has become an important aspect for 
displaying skill in complex movements and improving sport performance, and as a result has become an important 
subject for evaluating stability (Ringhof and Stein, 2018; Çelenk et al., 2018). 
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Soccer requires static balance and dynamic balance features like many other technical abilities. A lot of abilities such as 
passing, kick-ups, dribbling, or controlling the ball are performed while standing on one leg. Balance plays a pivotal 
role in situations such as facing players, impacts, slippery grass, changes in the ball’s direction and during a tough 
situation while moving (Evangelos, 2012) and can be considered as an indicator of performance in soccer (Paillard et al., 
2006).  
Soccer players, by targeting both legs in balance training programs, can work out invaluable solutions in the game and 
can perform technical abilities with their non-dominant legs while their dominant legs take over the balance task 
(Evangelos, 2012). Especially in sports branches with sudden movements (Alpay and Işık, 2017), keeping the whole 
body in balance and being in balance while performing rapid position changes to carry out the necessary movements for 
that sport is crucial (Atılgan, 2013).  
The aim of this study was to determine the changes in static and dynamic balance of dominant and non-dominant legs 
of young soccer players who were subjected to plyometric exercises on unstable surfaces. As the hypothesis of the study, 
it is thought that the athletes who did additional plyometric exercises on unstable grounds during physical education 
lessons would show better improvements in the balance of both legs when compared with athletes who did traditional 
soccer training only. 
2. Method 
2.1 Work Group 
In the study, 46 male amateur soccer players who continued their high school education formed the study group (SG; 
n=24; age=15.42±1.36 years) and the control group (CG; n=22; age=15.66±1.62 years) from two different clubs with 
similar socio-economic status in Turkey. Sampling was conducted according to the societies. This age group is thought 
to be the ideal age for balance enhancement as a reason to choose soccer players (Myer et al., 2004). All young players 
who participated in the study have soccer licenses, so they had already passed the medical examination by the Turkish 
Soccer Federation in pre-season. The parents of the volunteers who participated in the study were informed about the 
study and the parents' signed permission documents were obtained. In addition, the two soccer clubs and the two 
different high schools that the SG athletes continue their educations participating in the study were informed about the 
training program to be implemented and the clubs’ and high schools’ signed permission documents were obtained as 
well. No fees were paid or received for the participants. The forty-six athletes forming the SG and the CG were 
subjected to SB and DB tests as pre- and post-tests. SG athletes were given three sets of training programs of training 
load for 30 seconds and rest period for 1 minute on unstable surfaces such as bosu ball and trampoline which were 
integrated into the physical education lessons for 8 weeks. Rest periods between sets were given as 5 minutes (Table 5). 
The SG players continued their traditional soccer trainings in their own clubs, while the CG athletes practiced only 
traditional soccer trainings.  
2.2 Data Collection Tool and Processing Method 
Dynamic Balance Test: The Y Balance test, which was modified from the Star Excursion Balance Test, was used to 
measure DB of the young soccer players (Plisky et al., 2006). The test was done without shoes. First, the test trials were 
done for all three directions. The subject stood on one foot on the center of the plate without crossing the red line and 
tried to reach towards anterior, posteromedial and posterolateral directions with the free foot. Two reach tests were done 
on all directions for both legs. The subjects, having their toes behind the red line, stood on the platform and pushed the 
indicator on the target area. Maximal reach distance was measured by reading the strip measure on the reach indicator. 
The best result for every direction was used for analysis. The sum of the maximal data gathered from the three 
directions was divided by limb length times three and then was multiplied by one hundred to determine the composite 
reach distance (composite reach distance (%) = Sum of the 3 reach directions / 3 times the limb length * 100 equation 
(Shaffer et al., 2013). The subject’s right leg length was measured from the lowermost anterosuperior iliac to the medial 
malleolus’ farthest section (Plisky et al., 2006). Measurement was repeated under the following circumstances: if the 
other foot touched the floor or the subject fell out of the platform, if the subject kicked the reach indicator, if the subject 
put their foot on the indicator and used it to support his stance, or if the subject could not return the reach foot back to 
the starting point (Plisky et al., 2006). 
Static Balance Test: SB measurements of the young soccer players were conducted in the laboratory during the relaxed 
position of the body and the necessary precautions were taken to avoid any effect arising from environmental factors 
(noise, temperature). The measurements were performed by using a Force Platform. Verbal and visual information about 
the tests was given to the subjects. Before the balance tests (for all measurements), the stabilometer was calibrated and 
the subjects could settle on the balance platform with their feet naked. Measurements were performed first with the EO 
and then with the EC for the DL and NDL, and the areas of oscillation were determined. In the measurements where the 
smallest oscillation field pointed to the best balance, two trials were made for each measurement and the best ratings 
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were taken. Data were recorded in forms and statistically interpreted (Yaggie and Campbell, 2006). 
2.3 Statistical Analysis 
The data obtained in the study were analyzed using the SPSS (Statistical Package for Social Sciences) for Windows 
21.0 program. The Shapiro-Wilks test was used to identify the distributions of the variables, and the distributions were 
found to be normal. Descriptive statistical methods (number, percentage, mean, standard deviation) were used in the 
evaluation of the data. In the statistical analysis, the data obtained were assessed by Wilcoxon analysis of nonparametric 
tests to compare pre- and post-test values within the groups themselves, and the Mann-Whitney U test was used for the 
comparison of parameters between the two groups. The findings were evaluated at 95% confidence interval and 5% 
significance level. 
3. Results 
Table 1. Descriptive characteristics of participants  
Parameters Groups Min. Max. Avg. Std. Dev. 
Weight (kg) 
Study (n=24) 31.60 58.10 42.75 8.32 
Control (n=22) 30.80 55.70 42.05 8.02 
Height (m) 
Study (n=24) 1.41 1.59 1.50 0.06 
Control (n=22) 1.37 1.67 1.51 0.10 
BMI (kg/m2) 
Study (n=24) 15.24 26.17 18.81 2.90 
Control (n=22) 15.13 22.26 18.23 2.06 
BMI: Body Mass Index; Min.=Minimum; Max.=Maximum; Avg.=Average; Std. Dev.=Standard Deviation  
Table 2. Analysis of pre-post test scores of Dynamic Balance tests 
Parameters Group Test Min. Max. Avg. Std. Dev. p 
DB-DL 
CG (n=22) 
Pre-test 70.42 84.17 77.44 3.92 
0.16 
Post-test 71.97 88.81 78.83 4.77 
SG (n=24) 
Pre-test 69.35 93.81 77.73 6.31 
0.03* 
Post-test 69.65 94.65 83.54 6.13 
DB-NDL 
CG (n=22) 
Pre-test 69.83 81.13 76.23 3.05 
0.10 
Post-test 71.33 84.92 78.61 3.70 
SG (n=24) 
Pre-test 68.97 92.68 77.35 6.46 
0.03* 
Post-test 69.51 94.23 82.45 6.76 
CG=Control Group; SG=Study Group; DB=Dynamic Balance; DL=Dominant Leg; NDL=Non-dominant Leg; T=Test; 
Min.=Minimum; Max.=Maximum; Avg.=Average; Std. Dev.=Standard Deviation; P=Significance (p<0.05*) 
As a result of the DB test, statistically significant improvement was observed in both DL (p=0.03) and NDL (p=0.03) in 
the SG athletes, while no statistically significant change was observed in the CG athletes (p>0.05). 
Table 3. Analysis of pre-post test scores of Static Balance tests 
Parameters Group Test Min. Max. Avg. Std. Dev. p 
SB-EO-DL 
CG (n=22) 
Pre-test 2.15 5.80 4.05 1.03 
0.03* 
Post-test 1.98 5.39 3.54 0.88 
SG (n=24) 
Pre-test 2.08 7.82 4.59 1.52 
0.01* 
Post-test 1.96 7.49 3.55 1.34 
SB-EC-DL 
CG (n=22) 
Pre-test 6.72 14.51 10.80 2.73 
0.67 
Post-test 5.69 15.02 9.43 3.18 
SG (n=24) 
Pre-test 6.01 14.72 10.45 2.63 
0.03* 
Post-test 3.99 12.31 8.02 2.47 
SB-EO-NDL 
CG (n=22) 
Pre-test 1.79 6.94 4.05 1.38 
0.78 
Post-test 2.76 5.43 4.03 0.69 
SG (n=24) 
Pre-test 2.00 6.18 4.03 1.47 
0.15 
Post-test 2.06 9.75 3.98 1.72 
SB-EC-NDL 
CG (n=22) 
Pre-test 5.54 15.36 10.82 2.65 
0.22 
Post-test 4.83 14.41 9.84 2.70 
SG (n=24) 
Pre-test 6.15 19.96 11.50 3.74 
0.01* 
Post-test 3.63 16.94 9.59 3.99 
CG=Control Group; SG=Study Group; SB=Static Balance; DL=Dominant Leg; NDL=Non-dominant Leg; EO= Eyes 
open; EC=Eyes closed; T=Test; Min.=Minimum; Max.=Maximum; Avg.=Average; Std. Dev.=Standard Deviation; 
P=Significance (p<0.05*) 
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As a result of the statistical analysis of pre- and post- SB test; the SG players had statistically significant improvements 
in SB-EO-DL (p=0.01), SB-EC-DL (p=0.034) and SB-EC-NDL (p=0.01) measurements while the CG players had 
statistically significant improvement only in SB-EO-DL measurement (p=0.03).  
Table 4. Change in scores of groups in Dynamic Balance and Static Balance Parameters 
Parameters Group Min. Max. Avg. Std. Dev. p 
DB-DL 
CG (n=22) -0.48 5.08 1.81 1,52 
0.84 
SG (n=24) -0.63 7.63 2.38 1.92 
DB-NDL 
CG (n=22) 0.46 5.23 2.09 1.13 
0.95 
SG (n=24) 0.01 6.00 2.38 1.83 
SB-EO-DL 
CG (n=22) -1.05 2.97 0.63 1.06 
0.46 
SG (n=24) -0.73 2.09 0.51 0.75 
SB-EC-DL 
CG (n=22) -1.66 4.10 1.37 1.68 
0.03* 
SG (n=24) -2.90 6.95 2.42 2.82 
SB-EO-NDL 
CG (n=22) -3.57 1.99 0.09 1.16 
0.38 
SG (n=24) -2.10 2.21 0.00 1.23 
SB-EC-NDL 
CG (n=22) -6.85 9.42 1.50 4.48 
0.86 
SG (n=24) -3.33 4.41 1.18 1.81 
CG=Control Group; SG=Study Group; DB=Dynamic Balance; SB=Static Balance; DL=Dominant Leg; 
NDL=Non-dominant Leg; EO=Eyes open; EC=Eyes closed; T=Test; Min.=Minimum; Max.=Maximum; Avg.=Average; 
Std. Dev.=Standard Deviation; P=Significance (p<0.05*) 
When the differences between the two groups were examined, SB-EC-DL measurements were found statistically 
significant in favor of the SG players (p=0.03). 
4. Discussion 
In-group changes: When the pre- and post-test scores of the SG were examined, for DB measurements in DL (p=0.03) 
and in NDL (p=0.03), for SB-EO measurements in DL (p=0.01), for SB-EC measurements in DL (p=0.03) and in NDL 
(p=0.01), measurements were found statistically significant (p<0.05). When the pre- and post-test scores of the CG 
players were examined, it was found that only the SB-EO scores increased in statistically significant terms (p=0.03). 
Intergroup Differences: Only SB with EC measurements were found statistically significant in favor of the SG (p=0.03). 
The balance characteristic of an athlete is affected by the surface, its movements, or both. In this study, the results of the 
exercises performed on unstable surfaces for twelve weeks on DB and SB have been evaluated and it was seen that the 
SG athletes working on unstable platforms made more progress than the CG athletes in terms of all parameters. In 
soccer, the effect of balance during the game has different significance levels according to DL and NDL. While it is 
stated in the literature that soccer is the most ideal sport branch that improves balance (Jakobsen et al., 2010), it is 
reported in another study emphasizing the importance of balance in soccer that soccer players in the national league are 
better when SB and DB measurements of players are compared (Paillard et al., 2006). 
In the present study, the SG athletes showed significant improvement both in DL and NDL values in DB measurements 
(p<0.05). Although the CG athletes did not have a special training, they also observed an impact on their DB because of 
the nature of the soccer game. However, it was seen that they could obtain more effective results when supported with 
unstable ground trainings. While the leg that players use to kick the ball during play is the DL, the NDL is used as 
balance leg. The enhancement of the balance ability of the DL is particularly valuable because the NDL is also used to 
make a difference during complicated positions in soccer, in which case the DL is responsible for the balance. 
However, the improvement of DB DL gains importance for the elimination of bilateral differences. The improvement of 
NDL can be regarded as normal since the CG player who performs classical soccer training often uses the NDL as a 
balance leg.  In this respect, it is suggested that classical soccer practices should be supported by DB exercises applied 
on unstable grounds. 
In the literature, in support of this study, Erdem and Akyüz (2017) found that DL sway parameters of SG athletes who 
were subjected to balance and core exercises were statistically significant compared to those of CG athletes (p<0.05). 
The results showed that training on unstable ground was more effective than traditional soccer training methods. They 
argued that the muscle and nervous systems, which tried to maintain balance in more difficult conditions, were effective 
in reducing the sway. In another study overlapping with our study, Filipa et al. (2010) applied neuromuscular training 
for female athletes (n=10; age=15.4±1.5) and traditional soccer training for CG players (n=10; age=14.7±0.8). When 
they evaluated the right and left leg DB measurements with the Star Excursion Balance Test (SEBT) battery, they 
determined the combined normalized leg length values of the SEBT for both the CG and the SG that was given the 
neuromuscular training program. The results of their study showed that the development in both legs of the athletes in 
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the SG who were given the neuromuscular training program was statistically significant (p<0,05). 
It is seen that training made on unstable grounds is more effective on SB than other training methods due to the 
dynamic movements. It can be considered that the muscle and nervous systems, which try to maintain balance under 
more difficult conditions, have an effect on the reduction of oscillations in the stabilized positions. In addition, DB 
development of the SG athletes may have had a positive impact on SB. As seen in the present study, statistical 
improvement was found in the measurements of SB in the athletes, especially in the DL, both with EO and EC (p<0.05). 
However, SG athletes also showed statistical improvement in NDL measurement with closed eyes (p<0.05). Unstable 
grounds restrict sensory and motor feedback cycles and cause increases in body oscillation, i.e. loss of balance and 
muscle activity. This requires a significant change in the capacity of incoming proprioceptive information, i.e. a 
high-level control system. If traditional soccer practices are supported by plyometric exercises that are carried out on 
unstable grounds and which are effective in the development of strength, they can help athletes to achieve the necessary 
skills more easily in complex situations where abilities such as coordination, agility and balance are very important. 
Unstable ground materials such as bosu ball and trampoline that were used in the present study could also help to 
improve the performance of young soccer players as well as to prevent possible ligament injuries. In the literature, 
Tropp et al. (1984) found that the use of uniaxial and multi-axis balance discs significantly reduced postural oscillation 
values in soccer. In another study, Blackburn et al. (2000) divided their athletes into a CG, a force training group, a 
proprioceptive training group, and a force proprioceptive training group. The researchers found that there was no 
statistical difference between the groups in the outcome of the study but reported that the improvements in 
proprioception and muscular strength were equally effective in improving joint stability and stabilizing. However, these 
developments in SB are very valuable because the improved balance characteristic of younger ages can contribute to 
their becoming elite soccer players by making them more ergonomic by carrying younger soccer players’ bio-motor 
features to the next years and making them able to perform technical skills specific to soccer. It is stated that starting 
neuromuscular training such as balance, agility and proprioception in this period will make a great contribution as an 
important advantage due to the peak height of males in the adolescence period (Malina et al., 2004) and the decrease in 
balance and coordination (Myer et al., 2004). These competences are important characteristics affecting performance in 
soccer (Little and Williams, 2005). In another study Zech et al. (2010) concluded that balance exercises are effective in 
postural and neuromuscular control enhancements. 
In addition to the positive effects of the balance trainings mentioned above, the effects on motoric properties of 
plyometric exercises are known in the literature. In the present study, the effect of the combined training program on the 
parameters related to balance has been established (p<0.05), but the effect on motoric properties has not been 
investigated. In a study on this subject in the literature, Chaouachi et al. (2014) indicated that balance and plyometric 
combined training enhanced activities such as 10 m sprints and shuttle runs to a greater degree. 
In conclusion, the development in the musculoskeletal system, which does not move equally with the 
neuromuscular development during the adolescence period, may lead to neuromuscular imbalances that may make 
the individual highly susceptible to injury. Since the rapid growth of long bones in the skeletal system during the 
adolescence period is not the desired development of muscle-nervous system control, the upward movement of the 
center of gravity can make it difficult for individuals to maintain their balance. For this reason, it is recommended 
that these programs should be started within sports programs at schools (McLeod et al., 2009). In the present study, 
the improvement observed in the SG is important for optimum performance considering that it is necessary to use 
both legs effectively in soccer. Considering the multitude of activities performed on one foot in soccer, it is 
thought that the increase in bilateral balance can improve the skills that determine soccer performance such as 
dribbling, shooting and passing in difficult conditions. Both in the present study and in the studies conducted in 
the literature, as well as the studies on unstable surfaces, there are positive effects on balance as well as on 
strength and agility development in the plyometric studies. At the same time, combined training could be an 
important consideration for reducing the high velocity impacts of plyometric training. This reduction in 
stretch-shortening cycle (SSC) stress on the neuromuscular system with the replacement of balance and landing 
exercises might help to alleviate the overtraining effects of excessive repetitive high load activities. In this respect, 
it is important to integrate combined training programs into training plans and to include them in the annual 
training plan. In subsequent studies it is suggested that similar training programs should be supplemented with 
tests that measure technical skills in soccer, with the effect on motoric properties. 
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Table 5. Training Program 
Exercises First 4 weeks Last 4 weeks 
Running men knees on bosu ball 30 sec.  
Dynamic lunges on bosu ball 30 sec.  
Wide squat and jump on bosu ball 30 sec.  
Double-leg forward hops on bosu ball 30 sec. 30 sec. 
Double-leg side hops on bosu ball 30 sec. 30 sec. 
Double-leg trampoline jumping and landing 180 ̊ 30 sec. 30 sec. 
Tuck jumps on bosu ball  30 sec. 
Single-leg forward hops on bosu ball  30 sec. 
Single-leg side hops on bosu ball  30 sec. 
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